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INTRODKTION 

The Beave rde l l   s i l ve r ,   l ead ,   z inc   (go ld )   ve in  camp (Fig.  781, i n  the 
sou the rn  part  of t he  Cmineca C r y s t a l l i n e  W l t  i n   sou th -cen t r a l   Eh i t i sh  
Columbia,  has been a s i l v e r   p r o d u c e r   s i n c e   t h e   t u r n  of the century .  In 
r e c e n t   y e a r s  some gold  has   been  reported  in   the  eastern,   and  deeper ,   end 
o f   t h e  Lass vein  system (Lower Lass mine; 8. Goet t ing,   personal  communi- 
cat ion,   1979) .   ' Ihis   s tudy was i n i t i a t e d  to examine the d i s t r ibu t . i on   o f  
major and  minor  elements i n   t h e  Upper (Highland) Lass and Lower Lass ve in  
system  and to desc r ibe   t he   zon ing   pa t t e rns ,   w i th   emphas i s  on t h e  eaonomi- 
ca l ly   impor tan t   go ld  and silver. 

The area is Underlain by g r a n o d i o r i t e  of t he   Wes tke t t l e   ba tho l i th ,  which 
has   been   in t ruded  by the  Beaverdell   quartz  monzonite  stoc'k  (Fig.   78).  Ihe 
granodiorite  contains  remnant  pendants  and/or  screens  of  metamorphosed 

Christopher,   1975a, 1975b, 1976).  A d e t a i l e d  summary of the geology is 
volcanic   and  sedimentary  rocks  of  the Wallace Formation  (Reinecke,  1915; 

g iven  by Watson (1981)  and  Watson, et dl. (1982) .  

GE0uX;y  

k i l o m e t r e   b e l t ,   r e f e r r e d  to as the Beaverdel l  mine area, on the  west 
Mine ra l i za t ion  i s  found i n  a northeast- t rending  3-ki lometre  by 0.8- 

major producing  mines were: Well ington,   Sal ly ,  Bell,, Highland Lass 
slope of Wallace Mountain  (Kidd  and  Perry,  1958). F r o m  wes t   t o   ea s , t ,  the 

(Upper Lass), and Iower Lass (Fig.  7 8 ) .  'Ihe Upper and :bower Lass mines 
a re  p resen t ly   be ing   ope ra t ed  by lbck  Corporation  Ltd. ,   and  the samples 
c o l l e c t e d   f o r   t h i s   s t u d y  are from these  and related workings. 

Most of the   ve ins  are h o s t e d   i n  the Jurassic   Westket t : le   granodior i te .  
Some mine ra l i za t ion  is a l s o  found i n  the Older Permj.an ( ? )  Wallace 
Formation  gneiss ic   rocks,   which  overl ie  the b a t h o l i t h  a t  the   eas te rn   end  
o f   t h e  mine area, a l though   s t ruc tu res   t end  to h o r s e t a i l  and d i s p e r s e   i n  
these  gneisses   (Goet t ing,   personal   communicat ion,   1979) .  Despite the 
apparent   l ack   o f   minera l iza t ion  ir. the younger,   Terti .ary,   Beaverdell  
s t o c k ,  which i n t r u d e s  the b a t h o l i t h  a t  the western  end (of the conlplexly 
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f a u l t e d  mine a rea ,  K/Rr and   ga lena- lead   i so tope   s tud ies   demonst ra te   tha t  
the  veins   are   genet ical ly   re la ted  to   the  Beaverdel l   s tock  (Watson,   1981;  
Watson, et dl., 1 9 8 2 ) .   P r o p y l i t i c   a l t e r a t i o n  i s  found i n  the  wallrock  up 
t o  8 metres from the ve ins  (R. Verzosa,  personal  communication,  1979)  and 
t h i n   s e c t i o n s  of this a l t e r e d   g r a n o d i o r i t e  show amphiboles  almost 
e n t i r e l y   c o n v e r t e d   t o   c h l o r i t e ,  and f e ldspa r s   r ep laced  by c l a y  and 
c a l c i t e .  

western p a r t  of  the mine a r e a  and   a long   nor theas t - t rending   fau l t s  i n  t he  
The minera l ized   ve ins   occupy  f i ssures   a long   eas t - t rending   fau l t s  i n  t he  

V e i n s  range  from a few cent imet res  to a metre i n  width,  and  average 0 .3  
e a s t e r n   p o r t i o n  of t he  system ( p a r t  of Bell, Upper Lass, and Lower Lass). 

metres (White ,   1949)   but   are   rarely  cont inuous  for  more than 5 t o  10 
metres w i t h o u t   o f f s e t .  However some ore shoots  show only  minor o f f s e t  
o v e r   h o r i z o n t a l   d i s t a n c e s  up t o  150 metres  (White,  1949). The extens ive  
f a u l t i n g   h a s   b e e n   c l a s s i f i e d  by White  (1949). The most  important  type  of 
p o s t - o r e   f a u l t i n g  is high  angle and  normal. A s e r i e s  of  widely  spaced, 
n o r t h   t o   n o r t h e a s t - s t r i k i n g ,   s o u t h e a s t - d i p p i n g   f a u l t s   d i v i d e   t h e  
minera l ized   sys tem  in to   l a rge   b locks ,   o f ten   wi th  up t o  100  metres of 
ver t ica l   d i sp lacement   be tween them. The West Terminal   fau l t ,   separa t ing  

Upper and l a w e r  Lass mines, are of this type (F igs .  78 and 79) . The 
t h e  Bell and Lass mines, and the East Terminal f a u l t ,  s epa ra t ing  the 

v e i n s   a r e  chopped i n t o  small segments by no r theas t - s t r ik ing ,   c lo se ly  
spaced   normal   fau l t s ,   which   f la t ten   the   d ip  of the  vein from 50 t o  34 
degrees  (White,  1949). These f a u l t s   d i p  to the  northwest ,   and  general ly  
show less than a metre displacement.  

wi th  lesser amounts of a r senopyr i t e ,   t e t r ahedr i t e ,   py ra rgyr i t e ,   cha lco -  
Major m e t a l l i c   m i n e r a l s   i n   t h e   v e i n s   a r e   g a l e n a ,   s p h a l e r i t e ,  and p y r i t e ,  

p y r i t e ,   p o l y b a s i t e ,  acanthite, n a t i v e   s i l v e r ,  and pyr rhot i te   (Reinecke ,  
1915;  Staples  and  Warren,  1946a,  1946b;  Watson,  1981;  Watson, et dl., 

fragments  included i n  the  vein;  small concent ra t ions  of calcite and 
1982) .  The gangue material is  mainly  quartz,   with some a l t e r ed   wa l l rock  

a t i o n  is p r e s e n t ,   c h i e f l y  as n a t i v e   s i l v e r  wires and p l a t e s .  However, 
f l u o r i t e  are a l s o  found  occasional ly .  Some supergene   s i lver   minera l iz -  

most of the mine ra l i za t ion  is of hypogene or igin  (McKinstry,  1928; 
S t a p l e s  and  Warren,  1946a, 194613). Supergene  mater ia l  i s  not   cons idered  
i n  t h i s   s tudy .  

DATA CoLLpCTIoll AUD AEALYSIS 

c o l l e c t e d  from  209 l o c a t i o n s  i n  t h e  Lass system (Fig .   79) .  A sys temat ic  
Bulk ch ip  and  hand  samples  of  vein  material   within  the  granodiorite  were 

was chip  sampled  wherever  accessible  in  the  workings.   Samples from 
sample  spacing was no t   poss ib l e  due to vein  geometry, so ve in   ma te r i a l  

mined-out a r eas  were taken  from  the  edges of ore   shoots .  

Samples were analysed by atomic  absorpt ion  spectrophotometry a t  the  
Department  of  Geological  Sciences,  "he Univers i ty  of B r i t i s h  Columbia f o r  
z inc,   lead,   i ron,   copper ,  cadmium, s i lve r ,   c a l c ium,  magnesium,  manganese, 

228 



f o r  by Min-En Laboratories  Ltd. ,  North  Vancouver,  Earitish Columbia. 
coba l t ,  and nickel.   Gold,   arsenic,  mercury, and antimony were a.nalysed 

Resu l t s   a r e  i n  Table 1. Dupl icate   analyses  of  sample:; were evaluated 
us ing   t he  method  of Thompson and mwarth  (1978) .  The fo l lowing   i : ld ica te  
the   p rec is ions   for   each   e lement   (a t   average   concent ra t ions)   de te rmined  by 
t h i s  method: ( 1 )  between 5 and 10 per cent:  copper, catdmium, antimony, 
a r sen ic ,  and  manganese; ( 2 )  between 10 and 20 per  c e n t :  z inc,   lead,  
calcium,  and magnesium; ( 3 )  between 20 and 30 p e r   c e n t :   s i l v e r ;  and ( 4 )  
between 40 and 45 per cent ,   go ld .   Prec is ion   for   e lements   es t imated   as  
t h e  mean r e l a t i v e   e r r o r   r a t h e r   t h a n   a s  a funct ion  of   concentrat ion  as  i n  
t h e  'Pnompson and  mwarth method are :   n icke l ,  10 per cent; i ron ,  35 per  
cen t ;   coba l t ,  38 per  cen t ;  and  mercury,  120  per  cent. 

The t r u e   s p a t i a l   r e l a t i o n s h i p  between  samples a t   t h e  time of  emplacement 
cannot  be seen using  the mine plan view  because of pos t -ore   fau l t ing .  
Therefore,  the ve ins  were p a l i n s p a s t i c a l l y   r e c o n s t r u c t e d  by removing the  
movement along  major  faults.  Since  most  mining was ca . r r ied   ou t  on the  
fault-bounded  segments of the  vein,  the ore  encountered  along a d r i f t  
c o u l d   r e p r e s e n t   e i t h e r  a series of pa ra l l e l   ve ins   o r   p rog res s ive ly   l ower  
s e c t i o n s  of  the same vein.   Within  the  fault-bounded,  major  sections,  

con t inua t ion  of the  major vein system, down dip.  This   reconstructed 
the re fo re ,  it is assumed t h a t  successive  samples r ep resen t  a [general 

p lane  may be  up t o  100 metres th i ck   i n  some a reas ,   because   no t   a l l  
movement has  been removed  and the   minera l iza t ion   probably   occurs   wi th in  a 
series of s u b p a r a l l e l   v e i n s .   I n   t h i s   s t u d y ,  however, t h i s   p l a n e  is 
c o n s i d e r e d   t o   r e p r e s e n t  a s ing le   ve in ,   o r  a series of ve ins   fo r  which  an 
ove ra l l   zon ing   pa t t e rn   can  be  examined.  Figure 79 shows the  sample 
l o c a t i o n s  on the  composite  plan of the  workings. The recons t ruc ted  
p l a n s ,   u s e d   f o r   a l l   s u b s e q u e n t   i n t e r p r e t a t i o n s ,   a r e  shown  on Figures 80 

examined by p r o j e c t i n g  a l l  points   onto  an east-west  l i n e  (approximately 
t o  84. Changes i n  element conten t  down t h e   d i p  of the vein can be 

down d i p ) ,  and p l o t t i n g   v a l u e   v e r s u s   d i s t a n c e   a l o n g   t h i s  l i n e .  These 
p l o t s ,   c a l l e d   s e c t i o n   p l o t s ,   a r e  shown with  reconstructed  plans on 
Figures 80. 81,  and  84. 

INTEWREIATION AND DISCUSSIOU 

a n d   c o b a l t   a r e   o f t e n   n o t   p r e s e n t  i n  d e t e c t a b l e   q u a n t i t i e s  and w i l l  no t  be 
Histograms show t h a t   a l l   e l e m e n t s  have  lognormal  distril3utions.  Nickel 

cons idered   fur ther .   Poor   reproducib i l i ty   for   mercury   ana lyses  makes 
t h e i r  u se  suspect,   but  mercury w i l l  be discussed  because of its impor- 
tance i n  many ore-forming  environments. 

Each element   can  be  par t i t ioned  into  populat ions  using  lognormal   prob-  
a b i l i t y   p l o t s   a s   o u t l i n e d  i n  S i n c l a i r   ( 1 9 7 6 ) .  'Pnree populations  can be 
d e f i n e d   f o r   s i l v e r  and lead,  and  one f o r  mercury  and calcium. All. o the r  

dev ia t ions ,  and populat ion proportions a r e   l i s t e d  i n  Table 2.  1.n t h i s  
elements  can  be p a r t i t i o n e d   i n t o  two populat ions.  The means, s tandard 

tab le   e lements  are  grouped on t h e   r e l a t i v e   p r o p o r t i o n s  of  anomalous 
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populat ion (A) and  background  populations (B and B') . The lower two 
s i l v e r   p o p u l a t i o n s  show a s p l i t   s i m i l a r  to zinc  and cadmium, while the 
most  anomalous  population is p r o p o r t i o n a t e l y   s i m i l a r   t o   c o p p e r  and 
a r sen ic .  This sugges t s   t ha t   t he  most  anomalous s i l v e r   v a l u e s  may be 
assoc ia ted   wi th   copper   and   a rsen ic   minera ls   such   as   su lphosa l t s ,   whi le  

base  metal minerals  such as galena  and  sphaler i te .  Gold  does  not  have 
the  moderately  anomalous  concentrations of s i l v e r   a r e   a s s o c i a t e d   w i t h  

p o s s i b l e   t h a t   o n l y  one  gold  population i s  p r e s e n t  and t h a t   t h e  10 per 
popula t ion   propor t ions  similar to any other   e lements   (Table  2 ) .  It is 

c e n t  background  population  represents a bot tom  t runcat ion of the d a t a  due 
t o   t h e   d e t e c t i o n  limits of   the   ana ly t ica l   equipnent   used   (S inc la i r ,  
19713, r a t h e r   t h a n  a second  population. 

Cor re l a t ions  are gene ra l ly   on ly   app l i cab le   t o   s ing le   popu la t ion   va r i -  

populat ions  for   most  of the  elements,  however,  allows the use of 
ab le s .  The l a r g e  amount of over lap   (es t imated  30 t o  70 per   cen t )  among 

c o r r e l a t i o n s   t o  show approximate   re la t ionships .  A c o r r e l a t i o n   m a t r i x  of 
log  t ransformed  data   (Table  3) shows s t r o n g   c o r r e l a t i o n s   a t  the 0.1 
s i g n i f i c a n c e   l e v e l  between the elements   z inc,   lead,   i ron,   copper ,  
cadmium, s i l v e r ,   g o l d ,  and antimony. The gangue  elements,  manganese, 
magnesium,  and calcium, show s t rong   co r re l a t ions   w i th   each   o the r .  Calcium 
shows n e g a t i v e   c o r r e l a t i o n s   w i t h   s i l v e r  and arsenic ,   whi le  magnesium 
correlates   negat ively  with  copper ,   ant imony,   arsenic ,  and gold. Ranked 
o n   s t r e n g t h  of co r re l a t ion ,   s i l ve r   co r re l a t e s   w i th   l ead ,   z inc ,   coppe r ,  

c o r r e l a t e d  elements are, in   o rder :   i ron ,   l ead ,   z inc ,   copper ,  cadmium, 
iron,  antimony,  gold, cadmium,  and arsenic. For gold ,   the   s t rongly  

wi th   ga l ena   and   spha le r i t e   and ,   t o  a lesser extent,   with  antimony  sulpho- 
antimony,  arsenic,  and s i l v e r .  %is s u g g e s t s   t h a t   s i l v e r  is as soc ia t ed  

major   sulphides ,   galena  and  sphaler i te .  
salts. Gold co r re l a t e s   mos t   s t rong ly   w i th   i ron   mine ra l s ,   f o l lowed  by the 

Thus,  gold is p r imar i ly  

mine ra l s ,   wh i l e   s ign i f i can t ,   appea r   t o  be less impor tan t .   Corre la t ions  
a s s o c i a t e d   w i t h   p y r i t e   a n d / o r   c h a l c o p y r i t e ;   a r s e n i c  and  antimony 

f o r   t h e  three i n d i c a t o r  elements, mercury,  arsenic,  and  antimony are: 
( 1 )  mercury c o r r e l a t e s  w i t h  antimony,  copper,  zinc,  lead,  and cadmium; 
( 2 )  a r s e n i c   c o r r e l a t e s   w i t h   a n t i m o n y ,   g o l d ,   i r o n ,   s i l v e r ,  and  lead; and 
( 3 )  ant imony  correlates   with  i ron,   lead,   copper ,   z inc,   gold,   mercury,  

most  dominant of these three i n d i c a t o r  elements. Because much of the 
a r s e n i c ,  cadmium, and s i l v e r .  From t h i s ,  it appears  that   ant imony is the  

co r re l a t ion   ma t r ix   s imp ly  shows t h e   a f f i n i t y  of a l l   t h e   s u l p h i d e s   f o r  
each   o ther ,  some c o r r e l a t i o n s  would be  expected  even  i f   the   minerals   they 
r e p r e s e n t  were not  contemporaneous.  Antimony,  however, seems to c o r r e l -  
a t e   w i t h   a l l   o r e - f o r m i n g   e l e m e n t s  and was a more s i g n i f i c a n t   e l e m e n t   t h a n  

ogy ( S t a p l e s  and  Warren, 1946a,  1946b;  McKinstry,  1928) show t h a t  
a r s e n i c  i n  t h e  vein-forming s o l u t i o n s .   D e t a i l e d   s t u d i e s  of the  mineral-  

p y r a r g y r i t e  and t e t r ahedr i t e   ( an t imony  end  members) are the  common forms 
o f   t h e i r   r e s p e c t i v e   s o l i d   s o l u t i o n  series i n  this vein  system.  Arseno- 
p y r i t e   p r o b a b l y  formed earlier than  other   ore   minerals   such  as   galena  and 
s p h a l e r i t e  (Watson,  1981). 

S p a t i a l   r e l a t i o n s h i p s  among populations  can  be  seen when the   assay   va lues  
(Table  1 )  a r e  computer-drawn,  using  different  symbols  for  background  and 
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8 0  to 84.  Anomalous v a l u e s   f o r   s i l v e r   o c c u r   m a i n l y   i n  the cemtral ,  
anomalous  values, on the recons t ruc ted   p lan  and s e c t i o n  plots of Figures  

w e s t e r n   p o r t i o n  of the mine. By comparison, the 10 :?er C e n t  of the 

western p a r t  of the mine (Figs .  81 and 8 3 ) .  
values  which form the  background  population  for  gold 1i.e mainly i n  the 

Differences  in   values   between the upper,  western  and lower, eastern parts 
o f   t he  mine are clear on Figures  8 2  and 83. The h ighes t   va lues   (approxi -  
mately  one-quarter  of the sample   po in t s )   fo r   z inc ,   l ead ,  and gold are i n  
t h e   e a s t e r n  part  of   the  vein  system.  Plan and s e c t i o n   p l o t s  on Figure 84 
show tha t  r a t i o s  of gold to s i l v e r  are d r a m a t i c a l l y   d i f f e r e n t   i n  t:he two 
parts of the vein  system;  17 of the h i g h e s t  20 v a l u e s   f o r   g o l d / s i l v e r  are 
i n   t h e  eastern s e c t i o n ,  and the   h ighes t  50 v a l u e s   f o r   s i l v e r / g o l d  are i n  
the wes te rn   pa r t  of  the  mine. 

The two segments ,   def ined  previously,  were s p l i t  i n t o  t w 3  e q u a l   s e c t i o n s  

p a t t e r n  were present .  Means, wi th   s tandard  errors, f o r  the four  sub- 
(based  on d i s t a n c e  down d i p )  t o  see i f  smaller subd iv i s ions   i n   t he   zon ing  

d i v i s i o n s  are p l o t t e d  on Figure 85 along  with  the same s ta t is t ics  using 
only  two subdiv is ions  of the vein.  Three  of the four   e lements   ( lead ,  
s i l v e r ,  and gold)  show l e v e l   s e c t i o n s  and sha rp   changes   i nd ica t ing   t ha t  
values   within  each of the two major s e c t i o n s  are similar, b u t  that major 
changes  occur  between the two sec t ions .  Thus, Figure 85 is c o n s i s t e n t  
w i t h  only two major  zones i n   t h e  mine. 

A nor th- t rending   l ine   be tween  h igh   s i lver ,   modera te   l ead   and   z inc   in   the  
west, and low s i lve r ,   h igh   go ld ,  and  moderate to high  lead  and  zinc  in 
t h e  east is drawn on Figures  80 to 85. T h i s   l i n e  i s  placed  near  the 
cent ra l  part  of the mine, about  120 metres east of the East lkrmina l  
fault .   Figure  86  summarizes the changes  across the l i n e  as noted  above 
or as d e t a i l e d   i n   f l u i d   i n c l u s i o n ,   m i n e r a l o g y ,  and  geometry  studies by 
Watson ( 1981 ) . 
d i v i d i n g  l i n e  (N = 159 t o  the west and N = 42 to t h e  e a s t ) ,  t-tests and 
Because of  the d i f f e r e n c e  i n   t h e  number of samples pn e i t h e r  s i d e  (of this 

F-tests were performed to   de te rmine  if,  indeed,   the  two popula t ions  are 
s i g n i f i c a n t l y   d i f f e r e n t  ( -C= 0.05). The fo l lowing   e lements   ( logr i thmic)  
h a v e   s i g n i f i c a n t l y   d i f f e r e n t  geometric means (t-test) and  variances (F- 
tes t )  i n  the two parts of the mine: gold,   zinc,   lei id,  cadmium, and 
mercury.  Vein  thickness (arithmetic) a l s o   h a s   s i g n i f i c a n t l y   d i E f e r e n t  
means  and var iances  on e i t h e r   s i d e  of the d iv id ing   l ine .   Gold ,   z inc ,  
l ead ,  cadmium, and  vein  thickness means are h i g h e r   i n   t h e   e a s t e r n  . p a r t  of 
the mine w h i l e   s i l v e r  and mercury means are h i g h e r   i n  t h e :  west. 

CONCLUSIONS 

The presence of s i lve r -go ld   zona t ion   i n  the Lass vein  system  has  been 
known to e x i s t   f o r   s e v e r a l   y e a r s  (B.  Goetting,  personal  communication, 
1979;  Christopher,  1975a,  1975b). This study  has  examined the major  and 
minor   e lement   d i s t r ibu t ion   pa t te rns   in   samples   f rom  the  Lass vein  system 
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a l l y   r e c o n s t r u c t e d   i n t o  a s i n g l e   p l a n e  by removing the  movement along 
h o s t e d   i n  the Westkettle g ranod io r i t e .  lhe   ve in   sys tem was p a l i n s p a s t i c -  

major   pos t -ore   fau l t s  to examine the   o r ig ina l   e l emen t   zon ing .   F i f t een  
elements  have  been  studied  (zinc,  lead,  copper,  iron,  manganese, cadmium, 
calcium, magnesium, cobal t ,   n ickel ,   gold,   s i lver ,   mercury,   arsenic ,   and 

d i s t r i b u t e d   p o p u l a t i o n s .  The c o r r e l a t i o n  matrix of e lements   ind ica tes  
antimony),  a l l  of which  can  be p a r t i t i o n e d   i n t o  1, 2, or 3 lognormally 

t h a t   s i l v e r  associates wi th   ga lena ,   spha ler i te ,   and   an t imony  su lphosa l t s ,  
b u t   t h a t   g o l d   a s s o c i a t e s   w i t h   p y r i t e  and  chalcopyrite.  

The four  major  economic  elements,   zinc,   lead,  si lver,  and gold.  have  been 
c o n s i d e r e d   i n   d e t a i l .   P l a n   v i e w s   s h w  a series of o re   shoo t s ,   e longa te  

system.  Metal   zoning  and  mineral   deposit ion  are  related to depth and 
a l o n g   s t r i k e ,  en echelon down the   d ip ,  i n  the upper p a r t  of the   ve in  

reflect changes i n  t e m p e r a t u r e   o r   v e i n   c o n f i g u r a t i o n   a t   s p e c i f i c  
e l eva t ions .  

Two zones  of d i s t i n c t i v e   m i n e r a l i z a t i o n  are recognized i n  t he  Iass vein 

w i t h i n   t h e  Lower Lass mine, about 120 metres e a s t  of  the Qst Terminal 
system. lhe boundary  between these two zones  trends  north-south  and l ies 

p o r t i o n  of the vein  system is cha rac t e r i zed  by high s i l v e r  and  moderate 
f a u l t .  I n  c o n t r a s t   t o   t h e  lower, e a s t e r n  part, the  upper, western 

and   s t r inger   zones .  The lower, east end  of  the  vein  system,  hwever,  
z inc   and   l ead   va lues ,  more gangue,   and  thinner   veins   within  mult iple   vein 

contains   high  gold,   moderate  to high  zinc  and  lead,  and lw s i l v e r  
va lues .  The elements  copper,  calcium, magnesium,  and a r s e n i c   s h w  
cons i s t en t   va lues   t h roughou t   t he  mine. 

Gold  values   are   concentrated a t  depth and i n  s e v e r a l  small zones  along 

of   the  system,  central ly   between the foo twa l l s  and  hanginqwalls.  Using 
t h e   f o o t w a l l  of the   sys tem.   S i lver   va lues  are h i g h e s t   i n   t h e   u p p e r   p a r t s  

minera l iza t ion   can   be   re la ted  to s o l u t i o n s  of  higher  temperature,  
information  from a f lu id   inc lus ion   s tudy   (Watson ,  1981) '  the gold 

occurred  above a th ro t t l i ng   po in t ,   r e su l t i ng   i n   l ower   t empera tu re ,   l ower  
s a l i n i t y ,  and pressure.  This model postulates that  groundwater  mixing 

s a l i n i t y ,  and   l ower   p re s su re   so lu t ions   t ha t   depos i t ed   t he   s i l ve r  
mine ra l i za t ion .  A model f o r  element zonat ion i n  t h i s  system,  based i n  
p a r t  o n   t h e   f l u i d   i n c l u s i o n   s t u d i e s ,  is shown  on Figure 86. lhis model 
accounts   for :  ( 1 )  the   presence of only two zones  (above and  below the 

mineralogy due to temperature,  pressure, and s a l i n i t y  changes.  Deposi- 
t h r o t t l e  p o i n t ) ,  and ( 2 )  t he  v a r i a t i o n s  i n  thickness,  gangue, and 

t i o n  of copper, calcium, magnesium,  and arsenic was apparent ly   no t  
a f f e c t e d  by the  changes  occurr ing i n  the o r e   f l u i d s .  Gold s o l u b i l i t i e s ,  
however, are g r e a t l y   a f f e c t e d  by these  var ia t ions  (Helgeson  and Garrels, 

passed  the t h r o t t l e   p o i n t .  
1968), so t he   depos i t i on  of  gold would d e c r e a s e   a f t e r   t h e   s o l u t i o n s   h a v e  

This model sugges ts   tha t   h igh   go ld   va lues   could   cont inue   eas tward  a t  
depth,   g iven  cont inuat ion  of   vein structures. S i l v e r   v a l u e s  would 
p r o b a b l y   a l s o   c o n t i n u e   t o   t h e  east a t   t h e i r  moderate t o  low values.  
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Addi t iona l   a reas  of high s i lver  values are u n l i k e l y   e a s t  of t h e   p r e s e n t  
workings  and a t  depth  in  the  system  and will only  be  found i n  t hose   a r eas  
t h a t  were above   t he   t h ro t t l e   po in t  ( i n  t he  western p a r t  of the  mine'). 
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Figure  80. %cons t ruc ted   p ian   and   ' sec t i on '   p lo t  of  t h e  Lass v e i n  system, Beaverdei I mine 
area. S I  l ve r   ana lyses   a re   separa ted   in to   background  and  anona lws  popu la t ions  
as n o t e d   I n   t h e  legend.  Long  dashed l i n e   n a r k s   t h e  boundary  between t h o  
s i l v e r  and  go ld - r i ch   sec t ions  o t  t h e  mine, and s h o r t  dashed l i n e s   i n d i c a t e   t h e  
d i v i s i o n s   f o r   c a l c u l a t i o n s  of four-way  mans (see Fig. 85). 
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Figure 81. &constructed  plan  and  'sect ion'   plot  of t h e  Lass v e i n  system, s a v e r d e l l  mine 

as  noted i n  t h e  legend. Long dashed l i n e  marks t h e  boundary  between t h e  
area.   Gold  analyses  are  separated  into  backgrwnd  and  anomlous  populat ions 

S l l v e r  and  gold-r ich  sect ions of t h e  mine,  and s h o r t  dashed I ines i n d i c a t e   t h e  
d i v i s i o n s   f o r   c a l c u l a t i o n s  of four-h'ay  mans  (see  Fig. 8 5 ) .  
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Figure 82. &constructed  p lans  of   the  Lass v e i n  system, Beaverdei i mile area. me 

f o l i w i n g :  s o l i d  square, t i rs t  IO; m i l d  t r i a n g l e ,  second 10; open square, 
hlghest  50 analyses f o r   z l n c   ( t o p )  and lead (bottom) a r e  p l o t t e d   u s l n g   t h e  

t h i r d  10; open t r i a n g l e ,   f o u r t h  10; and open c i r c l e ,   f i f t h  lo, 
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Figure  83, Faconstructed  plans  of  the Lass v e i n  system.  Beaverdell  mlne  area. Ihe 
h l @ e s t  50 ana lyses   fo r  S I  l v e r   ( t o p )   a n d   g o l d   ( b o t t o m )   a r e   p l o t t e d   u s i n g  
t h e   f o l l w i n g :  solld square, f i r s t  10; s o l i d t r i a n g l e ,  second 10; open 
square, t h l r d  IO; open t r i a n g l e ,   f o u r t h  IO; and  open c l r c l e ,   f l f t h  10. 
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Figure 84. &constructed  p lan  and  'sect ion '   p lot  o f  t h e  Lass v e i n  systern, b a v e r d e l  I mine 
area. @ I d  (ppb)/SI l v e r  (ppm) values are separated  in to   two  populat lons.  
above and below a r a t l o  of 5. Long dashed llne marks t h e   b o m d a r y  betweten 
5 1  lver   and  goid-r ich  sect ions of  t h e  mine. 
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F i g u r e  85. Plot o f   a r i t h m e t i c  means and s t a n d a r d   e r r o r s   o f   t h e  mean f o r  
go ld ,   s i l ve r ,   l ead .   and   z inc ,   a f te r   d i v i s ion  of t h e  Lass vein 
s y s t e q  Beaverde l l  area, i n t o  two and  four   sec t ions  (see Figs. 
81 t o  84). L e f t - h a n d   s i d e   o f   t h e   p l o t  I s  uppermst ,   western 

deepest.  and  easternnost section of  t h e  mlne. Distance i s  
sec t i on   o f   t he   ve in   sys tem;   t he  r i g h t - h a n d   s i d e  i s  d w n   d l p ,  

measured a l o n g   t h e   r e c o n s t r u c t e d  p lane  o f   the   ve in .  
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Figure  86. hbdei  of   the Lass v e i n  system, b a v e r d e l l  area. The v e i n  15  d i v i d e d   i n t o   a n  
upper, s i   I v e r - r i c h   p a r t   a n d  a larer, g o i b r l c h   p a r t .  Average  values f o r  key 
elements  and  ve in  th icknesses  are  noted on t h e  model. Mineralization stages 

es t ima tes   a re   f rom f l u i d   i n c l u s i o n   s t u d i e s  (Watson, 1981). 
and tenperature  and depth (PH = h y d r o s t a t i c  pressure, PL = l i t h o s t a t i c  pl-essure) 
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TABLE 2. Means and Standard  Deviations Determined Graphically  for 1 

Part i t ioned E lemen t  Populations  in  Granodiorite-Hosted V e i n  
V e i n  Material '   in the Lass V e i n  System, Waverdell  Mine 
Area, South-Central  British Columbia 

Element Population A 3 ~ o p u l a t i o n s 3  B, FJ' 

% b  b+s b- s % b b+s b-s 

Zn % 55  3 .76  9 .12  1 .40  45  0 .38 1 .40  0.11 

Cd  ppm 55  457 1288 1 7 8  45  43 2 34 10 

Cu  ppm 70   513  1202  1 9 5  30  76 126  45 

Sb ppm 1 0  1318  2138 794 90 7 9  162  38 

Pb % 38  3.00 4.30 2 .09  37 0 .54  1 . 0 2  0 .29  
25  0.12  0.35  0.05 

Fe % 60  8 .99   13 .49   5 .94   40   3 .72   6 .84   2 .20  

1 5  34 
1 7 4  
135  

68  
8 

Ag ppm 67 427  457  269 1 8  105  

Au ppb 90  646  2239 191 10 1 5   5 1  4 

A s  % 72  1 .20   1 .70   0 .86   28   0 .13   0 .24   0 .07  

ppm 30  5012  10233  2570  70  1202  2291  617 

Mg % 70  0 .25  0 .45  0 .14 30 0.08 0 .12   0 .05  

Hg ppb 100 20  124 3 

100 1143 14962 87 

100 1 .75  9 .90  0 .31  

1. Parti t idned  into  populations on logari thmic  probabi l i ty   plots ,   us ing  the 

2 .  There  are 209 samples i n   t h i s  group. 
3. b is an t i log  O F  rean cf logtransformed  data; b+s is  a n t i l o g  of mean p l u s  

procedures of S inc la i r  ( 1 9 7 6 ) .  

one  standard  deviation of logtransformed  data; b-s i s  ant i log  of  mean minus 
one  standard  deviation  of  logtransformed  data. 

4.   24% of t he  Co values were below the   ana ly t i ca l   de t ec t ion  limit. 
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F l y r e  87. Genera l ized  locat ions of AlnSwOrth,  Slocan  City,  
Slocan,  and  Trout Lake r n l n l n g  canps,  southeastern 
B r i t i s h  Colurnbla. 
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